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Accuracy of diagnosing atrial fibrillation on electrocardiogram by primary care practitioners and interpretative diagnostic software: analysis of data from screening for atrial fibrillation in the elderly (SAFE) trial INTRODUCTION Atrial fibrillation is an important risk factor for stroke and is present in about 5% of people over the age of 65. 1 2 It can be diagnosed by a simple investigationelectrocardiography-and treatment with anticoagulation can substantially reduce the risk of stroke. 3 Many electrocardiograms are now generated and read in primary care, whether by a general practitioner, a practice nurse, or interpretative software. However, little research has been done into the extent to which the type of reader affects the accuracy with which atrial fibrillation is detected by electrocardiography. A systematic review of studies of interpretation of electrocardiograms found that physicians of all specialties made frequent errors when interpreting electrocardiograms, but none of the 41 studies identified focused specifically on atrial fibrillation. 4 An evaluation of a computer software algorithm found that it could detect atrial fibrillation with a sensitivity of 91% and a specificity of 99%. 5 A study in one general practice found that the general practitioner could detect atrial fibrillation accurately (sensitivity 100%, specificity 98%), but this result cannot be generalised to all primary care physicians. 6 A subsidiary question to the reliability of interpretation is whether a full 12 lead electrocardiogram is needed if the purpose of the investigation is simply to diagnose atrial fibrillation. The potential advantage of doing limited electrocardiograms, such as single chest lead or just the limb leads, is that they are simpler, quicker procedures that need less undressing of the patient.
The aim of this study was to assess the accuracy with which general practitioners, practice nurses, and interpretative software diagnose atrial fibrillation on 12 lead electrocardiograms, single lead thoracic placement electrocardiograms, and limb lead recordings.
METHODS
We did the study as a prospective sub-study within the screening for atrial fibrillation in the elderly (SAFE) randomised controlled trial of different methods of screening for atrial fibrillation in primary care funded by the Health Technology Assessment Programme. 7 This involved 50 practices in central England, which were randomly allocated as 25 intervention practices, in which a screening programme was initiated, and 25 control practices. One general practitioner and one practice nurse from each practice was involved in the study. The training of practitioners in the intervention practices included a one hour session on how to interpret an electrocardiogram and, in particular, how to detect atrial fibrillation. Practitioners in the control practices received no training.
Generation of electrocardiograms
We selected a random sample of 9866 people aged 65 or over from the 25 SAFE "intervention" practices. We invited a random half of these people to attend the practice for an electrocardiogram and invited the remaining half only if opportunistic screening identified them as having an irregular pulse. This generated 2595 12 lead electrocardiograms, including 238 from opportunistic screening during 2001-3. Digital machines (Biolog, manufactured by Numed, Sheffield) were used to do all the electrocardiograms, and the data were sent electronically to the study centre.
At the end of the SAFE study, approximately three years after the initial training session, we printed out all the electrocardiograms as 12 lead electrocardiograms, a random third of them as single thoracic placement electrocardiograms, and a random third as limb lead electrocardiograms (fig 1) . We assembled at random 25 batches of approximately 100 electrocardiograms, comprising a third each of 12 lead, single thoracic placement, and limb lead electrocardiograms, and distributed them to the 49 practices (one practice had elected not to participate in this sub-study), where they were read by one general practitioner and one practice nurse in each practice. We sent each batch (except one) to one intervention practice and one control practice.
Reading of electrocardiograms
We interpreted all the electrocardiograms (as a 12 lead) with the Biolog interpretative software. We asked each participant to indicate on a form whether or not atrial fibrillation or atrial flutter was present in each case. Practitioners were blinded to patients' identities, the diagnoses made by the specialists, and the diagnoses generated by the interpretative software.
Reference standard Two consultant cardiologists, blinded to the software interpretation and that of the primary care practitioners, read all the 12 lead electrocardiograms independently of each other. If the cardiologists disagreed, then a third consultant cardiologist arbitrated.
Statistical methods
We treated sensitivity, specificity, and positive and negative predictive values as binomial proportions and calculated exact 95% confidence intervals accordingly. We used logistic regression to examine variation in sensitivity and specificity both with the type of electrocardiogram (single lead, limb lead, and 12 lead) and between control and intervention practices. For comparison of sensitivity and specificity between types of electrocardiogram and between general practitioners and nurses, we did both matched and unmatched analyses. We give corresponding pairs of P values where appropriate, with the unmatched P value in parentheses.
RESULTS
We judged three of the electrocardiograms to be of insufficient quality to be read by the cardiologists. Two cardiologists read the remainder. For seven (0.27%) electrocardiograms, the cardiologists disagreed on the presence of atrial fibrillation, and a third cardiologist made the decision. Forty two (86%) primary care physicians and 41 (84%) nurses returned the results of their interpretation. Tables 1, 2 , and 3 show the results for interpretation of the different types of electrocardiogram, and table 4 provides the 95% confidence intervals for these results. The prevalence of atrial fibrillation was 8.4%. Interpretative software was the most accurate method of reading electrocardiograms but did not give a rhythm diagnosis in 109 (4.3%) and missed 26 (12%) cases of GP=general practitioner; PN=practice nurse. *Each ECG was sent to two practices, except for one batch that was sent to only one practice atrial fibrillation-or 36 (17%) if we include the cases in which no rhythm diagnosis was made. Ten per cent of computer diagnoses of atrial fibrillation were incorrect. The combined sensitivity of general practitioner and interpretative software was 92%, and the specificity was 91%.
General practitioners and practice nurses detected similar proportions of cases of atrial fibrillation (80% v 77% on 12 lead electrocardiogram), but diagnosis by general practitioners was more specific. Nevertheless, a diagnosis of atrial fibrillation by a general practitioner was still more likely to be wrong than right (positive predictive value 40.9%). Use of 12 lead, limb lead, or single thoracic placement electrocardiograms made little difference to the ability of primary care practitioners to correctly diagnose the presence of atrial fibrillation (P=0.52, matched (0.52, unmatched) for general practitioners; P=0.08 (0.35) for nurses). A significant difference occurred when diagnosing the absence of atrial fibrillation, however; 12 lead electrocardiograms gave a better outcome for general practitioners (P<0.001 (<0.001); P=0.12 (0.23) for nurses).
No significant difference existed between the performance of general practitioners from intervention and control practices. Control general practitioners showed a sensitivity of 84.0% and a specificity of 88.1%, and intervention general practitioners showed a sensitivity of 81.3% and a specificity of 88.9% (P=0.57 for sensitivity; P=0.19 for specificity). However, practice nurses from intervention practices interpreted electrocardiograms more accurately than did those from control practices: sensitivity 76.5% versus 68.9%; specificity 88.9% versus 78.9% (P=0.11 for sensitivity; P<0.001 for specificity).
The ability of individual general practitioners and practice nurses to diagnose atrial fibrillation accurately on an electrocardiogram varied widely. Figures 2 and 3 show the sensitivity and rate of false positives when the results from the different types of electrocardiogram are combined. The sensitivity of individual doctors varied from 50% to 100% and that of practice nurses from 0% to 100%; the standard deviations of individual sensitivities were 31% for general practitioners and 37% for nurses. The false positive rate of general practitioners varied from 0% to 44% and that of practice nurses from 0% to 61%, and the respective standard deviations were 13% and 17%. Two general practitioners and two practice nurses performed better than the computer software. Most of the outlying poorly performing practice nurses were from control practices.
DISCUSSION
In this study, general practitioners were unable to diagnose atrial fibrillation accurately on an electrocardiogram. Twenty per cent of cases of atrial fibrillation were missed, and the probability that a positive diagnosis was correct was only 41%. Changing from the 12 lead to simpler electrocardiograms resulted in further loss of specificity. Our results are substantially different from those reported by Somerville and colleagues, who found that a general practitioner could detect atrial fibrillation accurately. 6 Some doctors in our study performed as well as the one in that study, but our results suggest that such performance is atypical among general practitioners. Practice nurses were less accurate than the doctors, and interpretative software was more accurate than the doctors. The performance of the interpretative software was similar to that reported by Poon and colleagues in an analysis of 4297 electrocardiograms in a secondary care setting, where the prevalence of atrial fibrillation was 6%. 5 The generally lower P values on the matched analyses reflect the variation in performance between the raters. This variation was greater for practice nurses than it was for general practitioners, reflecting a greater range of ability.
Strengths and weaknesses of study The electrocardiograms being read for this study were generated as part of a screening programme and so reflect the sort of electrocardiograms that primary care practitioners would need to read if screening for atrial fibrillation. They had an appropriate prevalence of atrial fibrillation, so our estimates of predictive value are directly applicable to this screening context. Previous studies of the interpretive ability of general practitioners have tended to focus on a few practitioners or a few electrocardiograms. 6 8 9 A strength of this study is the large number of practitioners and electrocardiograms involved. Previous studies have tended to use a single cardiologist as a "reference standard" for detecting atrial fibrillation on an electrocardiogram. 6 10 In this study, we used two consultant cardiologists, with a third arbitrating as necessary. In fact, the agreement between the cardiologists was very high (over 99%), confirming that diagnosis of atrial fibrillation can be made reliably through the reading of an electrocardiogram by a physician with relevant training and experience.
The primary care practitioners in this study were recruited from practices active in research and had volunteered to take part in a trial of screening for atrial fibrillation. As such, one might anticipate their ability to detect atrial fibrillation on an electrocardiogram to be better than the average practitioner. On the other hand, they were asked to read the electrocardiograms in artificial circumstances-a primary care practitioner would not normally be sent 100 electrocardiograms to read-so it may be that the electrocardiograms were not read as carefully as they would have been in a clinical situation.
The response rate was reasonably high; 84-86% of participants returned their electrocardiograms. Nonrespondents may have been less accurate at interpreting the electrocardiograms, which would strengthen the general conclusion of this study.
The circumstances were also artificial in that the primary care practitioners did not have access to the other clinical information (symptoms, signs, and software interpretation) that they would usually have when interpreting an electrocardiogram. However, 11 Although palpation of an irregular pulse is reasonably sensitive (93-100%), it has a very low positive predictive value (8-23%).
12 If the prevalence of atrial fibrillation was 20%, as might be expected in people with an irregular pulse, this would raise the predictive value of a positive reading of the electrocardiogram by a general practitioner to 66% (assuming constant sensitivity and specificity of interpretation of electrocardiograms). Therefore, although the high sensitivity of pulse palpation might compensate for the low sensitivity of detection of atrial fibrillation on the electrocardiogram by primary care practitioners, the practitioners will still not be able to adequately discriminate on the electrocardiogram between those people with an irregular pulse who do and do not have atrial fibrillation.
Combining the results of the interpretative software with interpretation by a general practitioner led to some improvement in sensitivity, but at a cost of lower specificity. Therefore, although the lack of access of the study practitioners to the character of the pulse and the software interpretation might have led to an underestimate of sensitivity of interpretation of the electrocardiogram in the real world setting, we may have overestimated specificity. Furthermore, the cardiologists achieved their very high agreement without access to any clinical data or the electrocardiogram software.
Implications
In most cases in which an arrhythmia is diagnosed by a general practitioner, a specialist opinion is recommended. 13 If more than half of diagnoses of atrial fibrillation in primary care are incorrect, this might lead to a lot of unnecessary referrals. Conversely, if a screening programme relied on reading electrocardiograms in primary care, about 20% of cases of atrial fibrillation would be missed and therefore be untreated. Computer software performed much better, but still had an error rate sufficiently high to mean that decisions on treatment cannot be based on diagnosis by computer alone, even when combined with interpretation by a general practitioner. Therefore, strategies to identify atrial fibrillation in the community, whether through population screening or for diagnosis of patients with symptoms, need to take into account how and by whom the electrocardiogram will be interpreted.
If primary care practitioners are to detect atrial fibrillation on an electrocardiogram reliably, they need appropriate training, accreditation, or both. We could not test in this study whether training would improve the accuracy with which primary care practitioners could read electrocardiograms. The training that was provided to practitioners in intervention practices was done to support the SAFE study, rather than specifically to test the efficacy of training. The training was given three years before we asked practitioners to read the electrocardiograms, and because of changes in personnel not all the intervention practitioners who read the electrocardiograms had received training. Despite this, the training did seem to have a sustainable effect on practice nurses, although not to a sufficient level to enable the electrocardiograms to be read safely. Alternatively, electrocardiograms generated in primary care will need to be sent to a specialist for accurate interpretation. The electronic transfer of 2595 electrocardiograms to a central storage facility and onward to specialists was an efficient mechanism in the SAFE study and could be replicated in clinical practice.
In England and Wales, general practitioners are now required to set up registers of patients with atrial fibrillation as part of the quality and outcomes framework. 14 The recent guideline for atrial fibrillation from the National Institute for Health and Clinical Excellence recommends that electrocardiography is used to diagnose atrial fibrillation, but it makes no recommendations about the reading of the electrocardiogram. 11 This study suggests that quality control of interpretation of electrocardiograms is an important part of diagnosing atrial fibrillation in primary care.
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WHAT IS ALREADY KNOWN ON THIS TOPIC
Electrocardiography is recognised as the standard investigation for diagnosing atrial fibrillation Little evidence exists as to whether primary care practitioners can reliably diagnose atrial fibrillation on an electrocardiogram
WHAT THIS STUDY ADDS
Although a few primary care practitioners could diagnose the presence or absence of atrial fibrillation accurately on an electrocardiogram, most could not The accurate identification of atrial fibrillation in the community requires that electrocardiograms are read by appropriately trained people
